IN the course of experiments originally planned to determine whether the carcinogenic effect of 20-methylcholanthrene on the breast of suitable strains of mice (Orr, 1943(Orr, , 1946) is also observed with other related hydrocarbons, a group. of IF mice was treated with an oily solution of 9: 10-dimethyl-1 : 2-benzanthracene (DMB). Duiring the post mortem examination of one of these rnice after the experiment had been in progress for 238 
IN the course of experiments originally planned to determine whether the carcinogenic effect of 20-methylcholanthrene on the breast of suitable strains of mice (Orr, 1943 (Orr, , 1946 ) is also observed with other related hydrocarbons, a group. of IF mice was treated with an oily solution of 9: 10-dimethyl-1 : 2-benzanthracene (DMB). Duiring the post mortem examination of one of these rnice after the ex- periment had been in progress for 238 days, a tumour of about I cm. diameterwas found in the left ovary. At this time the experiment contained 8 survivors of which another one showed a large ovarian tumour and one showed unequal ovaries, with a microscopic tumour in the larger. Unfortunately, the ovaries of the remaining 6 were not histologicaRy examined.
As ovarian tumours had never been observed in methylcholanthrene-treated, IF rnice, it was thought to be of interest to confirm this observation on a arger scale. A preliminary note has already been published (Marchant, Orr and Woodhouse, 1954) and in the present communication the results of the investigation are, given in detail. Over the same period a further series of experiments with methylcholanthrene (8 fortnightly apphcations) has not yielded any ovarian tumours.
MATERIAL AND METHODS.
The mice used were from a pure-line strain bred by brother-sister Thompson diet) . A solution of [0] [1] [2] [3] [4] [5] per cent DMB in olive oil was apphed to the surface of the body at fortnightly intervals. An average dose of 0-25 ml. (. mg.) of DMB was applied to a mouse at each treatment in 16 drops (4 on each side of the ventral and dorsal surfaces). The ages of the mice at. the time of their first painting ranged from 6 weeks to 4 months.
Vaginal smears from many of the mice were studied for long periods during the course of treatment. In most cases the n-dee were killed when the appearance of' Fragments or suspensions of some of the large ovarian tumours were transplanted into other mice of the same genetic type. They were grafted below the skin in male, female and castrated female mice. Attempts were made to do intratesticular grafts in some male mice, but in such cases when " takes " occurred they were found to occupy the subcutaneous tissues of the scrotum, the testis itself being free from growth.
RESULTS.
The survival rate of the mice was good, and all were still alive after 4 months of treatment, when the first ovarian tumour was detected.
The detailed incidence of tumours is shown in Table I . (Fig. 2) . On occasion the uterine hypertrophy has been accompani-ed by distension of the lumen with fluid, and this process might be more marked in one horn.
All the tumours found up to date appear to be of granulosa cell origin. At first we had an impression that lutean and thecal tissues participated in the formation of some of the tumours, but a comparison of the tumour-containing an(i tumour-free ovaries suggested strongly that these tissues did not represent part of the neoplastic process.
The most characteristic feature of the tumours was the formation of pseudofollicular structure closely simulating the structure of a normal Graafian follicle, except for the absence of an ovum ( Fig. 3 and 4) . The cells of which these follicles were composed bore a strong resemblance to the cells of the normal membrana granulosa, with darkly staining nuclei lacking conspicuous nucleoli and a relatively small amount of cytoplasm which generally had a faint haematoxyphile tinge. The centre of the folhcle might be occupied by thin mucinous fluid (Fig. 5) Some of the tumours showed adenomatous or, more frequently, cribriform structure similar to that which is seen in many human granulosa-celled tumours (Fig. 9) . Occasional examples of papillary structure have been met with, and some of the tumours or parts of them showed no evidence of differentiation at all.
Mucoid degeneration was a prominent phenomenon in many of the tumours, the cells becoming swollen and thereafter tending to disappear and become replaced by mucoid fluid (cf. Fig. 6 ). Some of the cysts found in tumours appeared to have developed in this way. In another type of cystic tumour, which was occasionally seen, the cysts were fined by cuboidal epithelium similar to the germinal epithelium of the ovary and many of the locuh contained blood or blood clot (Fig. 10 ). In such tumours granulosa-celled tissue of pseudofollicular or cribriform structure rnight be seen between the cysts. In an IF x Strong A hybrid a curious cystic tumour was seen in which the multilocular cystg were lined by flattened cells and contained eosinophile material (Fig. I 1) .
The recognition of the earlier tumours offered great difficulties. In the rnidst of otherwise more or less completely luteinised ovary there might be seen small foci composed of darker cells (Fig. 12 One other feature which was noted in many of these ovaries, but which did not appear to be related to tumour formation, was the presence of numerous large granular cells randomly scattered throuphout the ovary (Fig. 14) . The g'ranules of these cells were strongly haematoxv-phile and so closely crowded together that, on low powerinspection under the nucroscope, the first impression given was that they consisted of deposits of stain. They could be compared with the tissue mast ceRs of the mouse, such as those found in the dermis. They were equivalent to the latter in size, gave a metachromatic reaction with toluidine blue and a variable result with the periodic-acid-Schiff reaction.
In a few ovaries loose fibrous scars were found. These generaRy consisted of widely-spaced spindle cells, fibrillary collagen and a thin mucoid matrix. The possibility that they represented tumours of the theca was considered, but discarded in view of their apparent inactivity of growth. In one such lesion ossification had occurred (Fig. 15) (Fig. I 1) containing a mucoid cyst in one ovary, and there were 2 mice which had ovaries unequal in size (but not enlarged) in which no tumour nodule was found. The remaining 3 mice in this group showed very doubtful early tumour changes, not included as such in Table,I . Mammary carcinoma was induced during the course of the experiments in 65 of the mice, including the pure IF strain animals and both types of hybrid. All the animals may be presumed to have been free from the Bittner agent, and the histological structure of the mammary tumours was that of the chemically induced rather than the agent type (Orr', 1951) . It is rather surprising that the incidence of mammary tumours does not significantly differ between mice with and without ovarian tumours, as is show-n by aX2 test on the data of Table III . If a comparison is made on the basis ofthe presence or absence of oestrogenic activity as determined by vaginal smears, a similar result is obtained (Table IV) . On a quantitative basis, the number of breast tumours in individual mice bearing ovarian tumours varied between 0 and 5 with, an average of ; the corresponding range in mice without ovarian tumours is 0 to 5, with an average of Changes in the ovaries of adult, non-parous female mice after irradiation were first described by.Brambell and Parkes (1927) . They found that the o6cytes degenerated and disappeared after 5 weeks, and no new follicles were formed. The granulosa and theca interna cells of some of the large follicles divided to fill the follicle cavity and then the whole structure became merged with surrounding tissue to form a mass of large vacuolated cells. A few folhcles became cystic. Corpora lutea were found in all the animals. These showed signs of retrogression with shrinkage, vacuolation and fusion of the luteal ceRs.
Later changes leading to the development of ovarian tumours were noted by Furth and Butterworth (1936) , Butterworth (1937) and Traut and Butterworth (1937) . They found that after about 150 days of degeneration, the germinal epithelium proliferated and invaginated to form a sort of adenoma with no hormonal activity by about 300 to 400 days. Granulosa-cell In the histogenesis of tumours formed from intra-splenic grafts of ovary in a castrate rat or mouse there is first inflammation. Then a few folhcles develop and luteinise, but do not involute. In a few months the graft is a large mass of corpora lutea with a few scattered follicles. A nest of luteal cens then begins to grow and push aside the corpora lutea, and no more follicles form. In the resulting luteoma further changes sometimes occur. After 10 months or so nests of small cells appear and grow to form granulosa-cell tumours. Oestrus vaginal smears were usually, but not always, associated with granulosa-cell tumours (Biskind and Biskind, 1949) .
it would therefore appear that in all the known methods of inducing ovarian tumours there is the common factor of an extensive reduction or disappearance of folhcular tissue prior to the emergence of tumours. This is particularly evident in the case of our DMB experiments, where usually no viable folfcles were present apart from the neoplastic pseudofolheles. In a few cases a very small number of abnormal follicles was present ; these tended to be grouped together in one small area of the atrophied ovary, were always of the anovular type, and raised the difficulty in interpretation of whether they were to be regarded as defective surviving folhcles or incipient tumours. Histological survey of our material as a whole strongly suggests that disappearance or atresia of the normal follicles preceded rather than followed the development of tumours.
'Hormonal theory of ovarian tumour induction.
As a result of their experiments in 1944 Biskind and Biskind put forward the following hypothesis of hormonal induction of these tumours. The transplantation of the ov-ar'ies to the spleen resulted in drainage of the oestrogens produced by them into the liver, where they were destroyed. The consequent lack of circulat-ing oestrogen resulted in an increased discharge of gonadotrophic hormones from the pituitary, which in turn enhanced the growth of granulosa cells.
This theory has received much support, and Li and Gardner (1949) showed that no tumours developed in castrates with intra-splenic grafts of ovary if they were receiving oestradiol or testosterone, but progesterone did not inhibit tumour production. Intact ovarian function has also been show-n to inhibit the growth of tumours in irradiated ovaries (Kaplan, 1950) . Miller and Pfeiffer (1950) demonstrated 
